Abstract-Signal degradation in Mobile Satellite (MS) is due to several factors such as ionospheric effect, multipath fading, treeshadowed and building-shadowed. This affects the Mobile Satellite Service (MSS) to provide continuous communication service to the users. Since there is not adequate data available on the signal performance of the MS in the Asian continent, thus, an experimental work is essential to be carried out to investigate the effect of factors such as the tree-shadowed and buildingshadowed on the signal strength. This paper discusses the cost effective set up. It can be used to measure the effect of trees and buildings on the received mobile satellite signal operating in the L-band. The methodology uses to carry up the experimental works is discussed in detail. The measurements of the signal performance are performed under different MS environments such as tree-shadowed and building-shadowed and hence the results are compared to the data obtained for open space environment. The analysis of the signal performance under different MS environments is performed with respect to the elevation and azimuth degree at different time under a clear sky condition. The analysis produced forms an important part in the studies of the signal performance. From this research work, we would like to propose a simple and low cost data acquisition system in order to encourage more experimental works to be carried out especially in the less developed countries.
INTRODUCTION
MS communication [1] [2] [3] operates in L-band signal. L-band refers to the frequencies between 1-2 GHz and it is particularly effective in providing rapid and flexible communication through mobile and portable terminal or transportable earth station. Voice and data communication services can be provided through the link between the satellite and the ground terminal.
The advantage of the MSS over Fixed Satellite System (FSS) is that the coverage of the system is spotty over rural area. The connection exists while on the move and this reflects the reliability of the system to the mobile users [4] . Therefore, its reliability is higher and more flexible in term of navigation system on the moving vehicles.
Most of the experimental works have been carried out in the developed countries such as North America, Australia, Europe and Japan. However, very little data represents the less developed countries such as in Africa and Asia. In order to have a more accurate model to represent the MS environments, more experimental works are needed especially in the less developed countries.
Current methods used to carry out experimental works utilize the existing Geo-satationary satellite network or airborne platform such as airplane and helicopter. These methods are both complicated and expensive. Therefore, a simple and low-cost data acquisition system is proposed to be used to carry out measurement for different MS environment and also encourage more experimental works to be carried out in the less developed countries.
Building-shadowed happen when the signal propagation is blocked and absorbed by the building. Thus, only part of the signal will penetrate through the wall and thus will decrease MS signal-to-noise ratio (SNR). The signal blockage is increased with the decrease in the satellite elevation angle as shown in Figure 1 . The wave propagation might be different for different parts of a building whereby there is a light-of-sight (LOS) in certain location outside the building while the other side is non-LOS (NLOS). Besides, the effect of the azimuth angle on the signal degradation is significant due to the existence of the blockages at certain degrees. The blockages consist of trees, buildings, bridges, lamp posts and other man-made features that tend to absorb and scattered the signal received. This result in the signal received either in LOS area or NLOS area due to the blockages. Thus, the azimuth degree is a variable relating to the signal degradation depending on the existence of blockages at certain degrees.
The blockage of the propagation path is also referred as the shadowing effect. In Figure 2 , an attenuation of signal occurred when the received signal from the satellite to the moving vehicle is absorbed and scattered by the branches and leaves of the roadside trees.
Attenuation of signal is smaller in the short-path (distance of the foliage depth is around 10-15 m) than the long path (distance of the foliage depth is around 100 m). Besides, the signal attenuation is increase with the decrease in the elevation angles. This is because in low elevation angle, the signal cut through the bottom part of the canopy, thus, signal is highly been absorbed and scattered by the canopy. The preferred angle of elevation is in approximate 15º [5] . Thus, the lower the elevation angles, the higher the signal degradation.
Furthermore, SNR for the signal arriving at elevation θ ≥ 15 o should be ≥ 44dB based on the study conducted in Japan [6] . If the SNR is less than 44dB, then the received signal is experiencing attenuation effect.
II. RESEARCH METHODOLOGY
Data acquisition system is the method of communication between the computer and the global positioning system (GPS) receiver to receive the message from the satellites. For the Garmin GPS receiver, the standard data format used will be the National Marine Electronic Association (NMEA) data format. The GPS receiver is connected to the computer via serial port. The GPS signal currently tracked by the receiver and the sentences collected are saved for analysis.
The measurements of the signal strength are performed by measuring the SNR with respect the satellite elevation angle and satellite azimuth angle at different time under a clear sky condition (eliminating the attenuation due to rain, storms, heavy cloud and strong wind). The open space measured data are used as reference to the measured data for tree-shadowed and building-shadowed condition.
For building-shadowed condition, the measurement is performed in front of the Mechanical & Electrical Building of Universiti Malaysia Sarawak where the wall is constructed of reinforced concrete and the building is in the rectangle shape. The building contains three floors with height 16.8m and width of 36.5m. The GPS receiver is placed facing the building and behind the receiver is an open space. The measurement is carried out under clear sky condition. The satellite signal arriving from behind the building will be measured in order to determine the effect of the building on the receive signal. It also measures the signal coming from the front of the building. Both of the signals will be compared to each other with respect to the respective satellite's SNR. SNR is measured for different elevation and azimuth angle as the satellite moves in its orbit. Part of the signal will be blocked and absorbed by the building thus causing the SNR to decrease. Figure 3 shows the experimental setup for buildingshadowed effect with respect to the elevation angle for satellite signal arriving from the centre of the building and Figure 4 shows the elevation angle for satellite signal from the corner end of the building.
In Figure 5 , the experimental setup for building-shadowed effect with respect to azimuth angle is shown. Signal arriving in NLOS will experience attenuation due to the blockage of the building. For tree-shadowed condition, the measurement is performed in front of a roadside tree at Jalan Kapur, West campus of UNIMAS. The GPS receiver is placed facing the tree and behind the receiver is an open space. The measurement is carried out under clear sky condition. The satellite signal arriving from behind the tree will be measured in order to determine the effect of the leaves and branches on the receive signal. It also measures the signal coming from the front of the tree. Both of the signals will be compared to each other and also compared to the respective satellite's SNR from the open space.
The SNR is measured with respect to the satellite elevation and azimuth angles. Figure 6 shows the experimental setup for a tree-shadowed environment with respect to elevation angles and Figure 7 shows the elevation angle at the corner end of the tree.
In addition, Figure 8 shows the experimental setup for treeshadowed effect with respect to azimuth angle. SNR will be measured for different elevation and azimuth angles as the satellite moves in its orbit. The received signal will be affected at different elevation and azimuth angle as there will be certain blockages behind and at the surrounding of the tree. These objects tend to absorb or scatter the signal received and these results in NLOS areas. 
III. RESULT AND DISCUSSION
From both Figure 9 and 10, satellite PRN 10 which is arriving at the front of the building, the trend of the SNR is basically the same but for open space environment, the satellite had encountered more multipath and ionospheric effect than the satellite in the building-shadowed environment.
For satellite of PRN 8 (behind the building) in buildingshadowed, it is obvious to see the drops at elevation 36 o and azimuth 48 o (real azimuth angle of 193 o ). The SNR drops to 0dB quite frequent when the elevation is getting closer to the elevation angle 33 o of the experiment setup. The highest SNR recorded is only 43dB and the SNR dropped 0dB all the way as due to the shadowing effect of the building. Also, the SNR dropped is due to the design of antenna [8] .
In contrast, SNR for PRN 8 in open space whereby the SNR most of the time is in the range of 44-54dB and the lowest is 32dB with most of the time above 44dB. The SNR dropped to 0dB at 3800s due to the ionospheric effect [9] .
From Figure 11 and 12, the trend of the SNR for open space and tree-shadowed is quite similar for PRN 28 as the SNR is above 44dB for most of the time except at certain interval of time when the signal dropped below 44dB due to the ionospheric effect [9] . Moreover, the fluctuation encountered by PRN 28 (front of the tree) in tree shadowed is less than PRN 28 in open space.
The difference in the trend of SNR of PRN 7 for open space and tree-shadowed condition is quite obvious. For PRN 7 of open space, the SNR is above 44dB for most of the time without multipath drop. The SNR is in the range of 47dB to 49dB which is higher than the SNR of PRN 7 (behind of the tree) for tree-shadowed at elevation of 27 o and azimuth 42 o (real azimuth angle of 168 o ). Thus, the signal receiving is good in open space compared to the signal for PRN 7 of treeshadowed. o . Thus, it can be concluded that the SNR is in the LOS when the elevation angle is lower 26 o as the signal is not block and scatter by the leaves and the branches of the tree.
Besides, the lost of lock indicated by the 0dBHz received signal value could also be observed which means that the received signal quality is not acceptable for the communication purpose [10] . 
IV. CONCLUSION
The proposed experimental work by using a simple and low cost data acquisition system had been carried out in order to measure the effect of tree and building on the received mobile satellite signal operating in the L-band. The experimental set up used to study the effects of tree shadowing and that of building had been shown and discussed. The measurements of the signal performance are performed under tree-shadowed and building-shadowed and hence the results are compared to the data obtained for open space environment. From the results, it can be concluded that shadowing effects play a significant effect on signal received. The analysis of the signal performance under different MS environments was performed with respect to the elevation and azimuth degree to form an important part in the studies of the signal performance. Therefore, a more accurate model that will represent the MS environment can be obtained later. Moreover, this work is proposed in order to encourage more experimental works to be carried out especially in the less developed countries.
